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INTRODUCTION
Dysfunctional breathing (DB) is an alteration in the normal patterns of breathing and results in intermittent or chronic symptoms mediated through biomechanical, biochemical and psychological mechanisms. [1] Multifactorial, diffuse, but cumulative pathological and pathophysiological changes make DB difficult to diagnose, and a diagnosis of DB is often arrived at by exclusion. [2] DB may present with diverse symptoms and signs including respiratory, cardiac, neurological, metabolic and gastrointestinal presentations. [3] Many of these symptoms arise from respiratory alkalosis brought about by chronic or transient bouts of hyperventilation and the term 'hyperventilation syndrome' has often been used to describe this state. [4] However, it is now accepted that the clinical picture of DB encompasses more than traditionally recognised hyperventilation syndrome, since experimentally provoked hyperventilation will not consistently elicit symptoms, and symptoms may appear in the absence of decreased end-tidal pCO 2 . [5, 6] Furthermore, distinctions have recently been made between thoracic (involving ventilatory alterations), and extra-thoracic (e.g. vocal cord dysfunction) forms of DB. [3, 7] Symptoms arising from DB may occur independently of other medical conditions or secondary to them. [4, 8, 9 ] DB is also strongly associated with anxiety and affective states.
[10] To date there has been no attempt to establish a consensus on diagnostic criteria for DB. For this reason, and because most evidence associating DB with other medical conditions is cross-sectional, it is difficult to establish whether conditions may cause or exacerbate DB or, conversely, when symptoms arising from DB exacerbate the existing condition.
Various interventions have been developed to address DB. [11, 12] These can be broadly classified into two groups: (i) those that focus on improving conscious neuromuscular control of ventilation, commonly referred to as 'breathing retraining' (BRT); and (ii) those that apply manual therapy to improve the mechanical function of body structures involved in breathing.
Courtney and Greenwood, [13] and more recently Chaitow, [14, 15] have outlined principles of osteopathic assessment and management of DB. Despite this, there are few clear descriptions of a practical osteopathic approach to DB in the literature. We propose that a comprehensive approach should encompass both BRT and osteopathic manual therapy (OMT). The aims of BRT are to aid neuromuscular reacquisition of normal breathing patterns and to utilise and reinforce alterations in respiratory function facilitated by OMT. OMT, or particular manual therapy techniques, may have a role in improving breathing mechanics, in those with chronic conditions [16] [17] [18] [19] or in healthy individuals [20] , by mitigating biomechanical or somatic dysfunction that interferes with motor skill training in the form of BRT. Thus, BRT and OMT may be co-dependent within an intervention.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Complex interventions comprise multiple interacting features, those arising from the intervention itself, as well as from a diversity of behavioural characteristics of both patients and practitioners. [21] Craig et al., 2008 have described a process of development, feasibility and piloting, evaluation, and implementation as key elements in the design of complex interventions. [21] Here we describe iterative cycles of these elements employed in the initial development and preliminary evaluation of two protocols for an individualised approach to osteopathic management of DB, incorporating both BRT and OMT. Feedback from the informal workshops was analysed, both protocols were revised to develop Concept 2 which was then utilised as the intervention in the clinical trial. [22] For the BRT, the order of exercises was adapted to facilitate gradual progression; and for OMT, simplified guidelines for assessment of somatic dysfunction were added. Eight osteopath clinicians, who expressed an interest in being involved in this area of research, evaluated the intervention while treating healthy active (≥4 hours exercise/week) 19 -45 year old participants who perceived that breathing might be limiting their exercise performance, recruited as part of the clinical trial. Clinicians included both clinical teaching staff (n = 3), and private practitioners (n = 5). All except one of these clinicians attended Symposium I, and all were invited to participate in a second 3-hour symposium (Symposium II), scheduled 9 months after the first. Five of the clinicians prepared a presentation for Symposium II, and the remaining three provided written or verbal feedback to authors, for which they were instructed to critique the Concept 2 protocols used within the study and during their routine clinical practice.
They were asked to consider practical utility, and aspects requiring development and modification. In 
. Practitioner and patient self-assessment of breathing quality for each step in the progression was an integral part of the protocol. Assessments were made of whether breathing was appropriately nasal and abdominal, exhalation was longer in duration than inhalation with an appropriate following pause, had consistent rhythm, and had appropriate rate and sounds.
Progress was recorded on a simple breathing assessment form (not shown). (Table 1 ). An accompanying treatment worksheet and notation system was also developed (see supplementary online material). 
Collateral Benefits of the BRT Protocol
An unanticipated outcome for use of the protocol was that previously unidentified dysfunction became apparent to practitioners in the course of delivering the BRT. Using the protocol sometimes uncovered musculoskeletal dysfunctions such as impaired range of movement or motor patterns, for example an inability to lateral rib breathe was highlighted in flexion positions. Sometimes dysfunctions unrelated to the main purpose of the test were highlighted when individuals failed to assume positions, for example poor ankle dorsiflexion was identified during a failed squat attempt.
Alternatively, musculoskeletal dysfunction noted in body regions indirectly associated with breathing function were reported to affect breathing in certain body positions, such as a propensity to upper rib breathe during ipsilateral glenohumeral external rotation, with shoulder joint dysfunction.
Another indirect benefit of BRT implementation noted in the evaluation process was an observed improvement of breathing and whole body awareness that sometimes developed simultaneously with its use. Improved awareness of body functions, termed 'interoception', [23] could possibly increase the ease of acquisition of the BRT challenges, however this needs to be further investigated.
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Applicability of the Protocols to the Clinical Situation
The length of time required to integrate these protocols may exceed the duration of routine osteopathic consultation in usual practice. In relation to the BRT protocol, evaluators made a number of suggestions about how the process could be adapted to address this. For example, some clinicians reported 'cherry-picking' challenging positions applicable to their patient and testing-retesting the patients only on these challenges. Furthermore, some clinicians, particularly in the evaluation of the Concept 2 protocol, considered some steps to be redundant in most clinical situations, and that shortening and simplifying the protocol might improve its applicability.
We have attempted to incorporate modern principles of motor skill development within the BRT protocol. A current model for developing a well-learned, resilient motor pattern is to allow exploration and practice of the best movement solution within a range of practice conditions.
Schöllhorn et al. argue for the importance of applying variations in kinematic and kinetic properties of movement in its acquisition to stabilise learning. [24] These authors demonstrate 94% greater improvement in a group of young hurdlers randomly assigned to a 6-week training programme incorporating variability in body positions and practice tasks. The programme was oriented towards developing individual and situational movement solutions in hurdling, compared to a more traditional practice towards mastery of traditional drills displaying increasing similarity to the supposed optimal movement technique. [24] Therefore in the final BRT protocol, additional scope for adapting breathing in a greater variety of situations has been provided. If respiratory mobility is increased by OMT, then the range of possible movements (degrees of freedom) allowed in these situations would also have increased, perhaps providing further variety for developing breathing motor control that was more responsive to changing conditions. We recommend application of as many steps as can reasonably be achieved within the available time-frame without compromising quality.
A final issue of applicability was that practitioners found it difficult to observe breathing in positions where movement or body parts obstructed observation. For example, during seated slumped when the anterior chest view is obstructed. The suggestion was made to assess such cases with the aid of palpation.
Purpose and Application of OMT Protocol
The differing practice styles apparent amongst osteopaths make it difficult to develop a semistandardised assessment and treatment that is universally applicable. The evaluation process revealed that different clinicians used the OMT protocol in slightly different ways. Some clinicians found that using the protocol markedly changed their normal practice routine.
The OMT protocol was designed as a semi-standardised guide for treatment for the purposes of Thirdly, practitioners pointed out that compliance would be an important factor for the successful implementation of the BRT protocol. The physically active patients who volunteered to take part in the trial for which this intervention was developed were mainly sportspeople, and were possibly more highly motivated to improve their breathing than many clinically-treated DB patients. Therefore, we consider that this group may have displayed a greater level of compliance than is typical within the clinical setting. Attaining motivation and compliance might have been difficult for steps that provided greater challenge to the individual. It was felt that these could be addressed through practitionerdesigned, patient-specific interim challenges.
Exercise is associated with relative protection from a range of psychological health disorders. [25] It is therefore also possible that active participants might respond more favourably to the intervention. We recognise that neither protocol may be effective without consideration of psychosocial elements that often underpin or are closely linked to disturbed breathing patterns. [26, 27] BRT may also have a role in the treatment of anxiety and depression. [28] There are multiple components of DB, and the protocols developed here focus primarily on two: motor skills and somatic dysfunctions likely to be associated with breathing, but at present the described protocols do not specifically address psychosocial issues that may be important determinants of dysfunctional breathing.
Suggestions for Further Research
This investigation does not extend to a true implementation phase of a complex intervention. A report on the efficacy of the developing protocols is necessary, and an investigation of implementation in a broader clinical setting would be the next logical step. Implementation is envisaged by Craig et al. as including dissemination, ongoing surveillance and monitoring and longer-term follow-up. [21] We argue that evaluation of a complex intervention should be a continuous process, maintained through feedback following implementation, as well as from subsequent research. Further, we suggest that clinical and physiological outcomes of using this protocol should next be assessed in rigorouslydesigned clinical trials.
Input from patients regarding their experiences might have been more strongly emphasised during the different iterations of the development process, and should be applied in future research. There is also potential for further exploration of specific instructions or non-verbal cues as feedback, for example using a rolled towel under the thorax to mobilise breathing structures, or promotion of breathing awareness through inflating a balloon. Although such cues were applied in the BRT protocols during development, they could be extended. Further work might alternatively focus on development of BRT in stressful situations or as an intervention for breathing-mediated anxiety. 
